Premature infants tend to exhibit higher blood values at birth than full-term infants, but show a more rapid and prolonged fall in both haemoglobin and red cells and frequently develop anaemia which is maximal at about the third month (Parsons and Hawksley, 1933) . Lande (1919) , using a Sahli method (standard 17'2 g. equals 100%) found average levels of 60 to 65% haemoglobin and average red cells of 3 * 3 m./c.mm. at the third month. In many cases the count fell to 50%. She quotes Knuckel who gave an average level of 47 % at 3 months though the red cells were proportionately less reduced and averaged 4 million. Abt and Nagel (1932) divided their cases into those of six to seven months' gestation and those of eight months' gestation. The former reached the lowest point at eight to 12 weeks with average levels of 54 %haemo-globin and 3-3 million red cells. The haemoglobin level of infants of eight months' gestation fell to 60 % at 8 weeks, with 4 * 0 million red cells (16 9 g. haemoglobin equals 100%, Newcomer). In another series (Merritt and Davidson, 1934) of untreated premature infants the haemoglobin fell from 21-7 g. at birth to 110 g. at 2 months of age. The red cells averaged 5 * 54 million at birth and fell to 3-91 million at 2 months. In a series of immature infants the counts fell from 23 0 g. haemoglobin and 5 81 red cells to 11 8 g. and 4 04 red cells during the same period. In all cases the counts remained more or less stationary to 10 months of age, when the period of observation ceased. Herz (1928) considered values below 13 g. at 2 to 4 months denoted anaemia. Of 103 premature infants investigated, 16 had values of 8 to 12 g. at this age whereas only one full-term infant reached a value as low as 12 g. Mackay (1935) , investigating prematures of birth weight 3-4 lb., found a fall from 149 9% at birth to 73-4% at the tenth week. Infants of birth weight approximately 5 lb. showed a similar fall from 146 6% at birth to 76'0% at the fourteenth week. Most observers agree that the anaemia of prematurity is a self-limiting disease with spontaneous recovery after about the fourth month. In the series of Abt and Nagel (1932) , infants of seven months' gestation reached values of 68 % haemoglobin and 4 9 million red cells at 6 months, and infants of eight months' gestation, 69 % haemoglobin and 4 * 9 million red cells at 6 months.
Mackay's cases (1935) had risen to 81-7% (birth weight 3-4 lb.) and 80-8% (birth weight approximately 5 lb.) at 26 weeks of age. These cases were all untreated and form a contrast to those of Merritt and Davidson (1934) , who reported no significant changes in the counts from the time of maximum anaemia to the tenth month. If the initial fall has been very marked, recovery is delayed and may be incomplete.
The pathogenesis of the anaemia of prematurity is obscure. Lichtenstein (1921) found a negative iron balance in four premature infants not receiving additional iron, but this work was not confirmed by Snelling (1933) . Josephs (1936) divided the anaemia of prematurity into three stages. The early physiological anaemia during the first two months, in which there is no response to haemopoietic agents and the reticulocytes are low, constitutes the first stage. The second stage is marked by a gradual rise in the red cells, the haemoglobin remaining stationary. At this stage hypochromia may develop and the response to iron is usually good. He considered a mild iron deficiency was of importance in the development of this phase. The third phase is identical with the hypochromic anaemia of full-term infants but is more marked. He believed that the iron stores of the premature infant are deficient only in relation to the more rapid rate of growth. This view is also held by Mackay (1935) . Josephs also thought that iron deficiency does not occur before the third month except in cases of loss as in ARCHIVES OF DISEASE IN CHILDHOOD there is either a failure to utilize iron or an inability to synthesize haemoglobin sufficiently rapidly. He also emphasized the high infection rate in premature infants with particular reference to syphilis as a cause of premature birth, and of consequent aggravation of existing anaemia. Abt (1935) also reviewed the possible causes of anaemia in premature infants and suggested that the smaller total blood volume at birth results in a poor supply of iron from endogenous sources. Iron supplies are exhausted between the third and sixth months owing to the rapid rate of growth and an iron deficiency is thus produced. He also suggested a functional incapacity of the haemopoietic system. This possibility was confirmed by marrow investigations (Lichtenstein and Nordenson, 1939) . The bone marrow of 25 premature infants showed a marrow which was immature though hyperplastic, and maturation did not proceed along normal lines. This picture was correlated with signs of immaturity in the peripheral blood and with an anaemia which was maximal at the third month. The most severe anaemia coincided with the greatest immaturity of the marrow. After the third month the marrow picture improved considerably but some degree of immaturity persisted throughout the first year. These findings compare with the hyperplastic yet insufficient marrow found in other anaemias. Lande (1919) examined the marrow in 10 premature infants without finding any cause for their anaemia though she mentioned the deficiency of granulocytes which is associated with the poor resistance to infection of these infants.
The response to treatment of the anaemia of prematurity is disappointing. Intramuscular blood has been tried with unsatisfactory results (Lande, 1919; Mackay, 1935) . Liver, either alone or in combination with a hog's stomach preparation, had no beneficial effect (Abt and Nagel, 1932) . Iron and ammonium citrate with or without liver extract has been found to minimize the severity of the anaemia but not to prevent it entirely (Abt and Nagel, 1932; Merritt and Davidson, 1934) . Merritt and Davidson state that observers are agreed that anaemia in premature infants cannot be completely prevented and that those reporting success with iron have always used large doses. Various remedies employed without success include exposure to fresh air, dietary methods with substitution of fruit and vegetables for an exclusively milk diet, vitamin B, hog's stomach, and copper alone or with iron. The diversity of treatment investigated indicates that no entirely satisfactory method has yet been found. The best is probably iron in some form with transfusion reserved for the most severe cases. The benefits of this, however, tend to be transitory and repeated transfusions are often necessary. Although spontaneous recovery from the anaemia is usual and pallor is often the only symptom, the development of any anaemia in infants already handicapped by prematurity may be serious. This is chiefly due to the increased risk of infection in anaemic children, and premature infants are already particularly prone to infections. Blood transfusion is a skilled procedure in these small infants and is not entirely free from risk, and an easily administered and well tolerated drug effective in the prophylaxis and treatment of the anaemia of prematurity would be of some clinical importance.
The blood picture in this anaemia is of normocytic normochromic type with a low reticulocyte count, and in these features it shows a marked similarity to the anaemia associated with infection. It has been suggested by Wintrobe, Grinstein, Dubash, Humphreys, Ashenbrucker and Worth (1947) that cobalt may be needed in the synthesis of haemoglobin in the anaemia of sepsis, and Vaughan (1948) referred to this in a paper on the anaemia of sepsis and trauma, and suggested cobalt as a possible treatment of anaemias resulting from infection. It was because of the similarity between the anaemia of sepsis and that of prematurity that we decided to try the effect of cobalt in premature infants.
There is a considerable literature on the experimental use of cobalt in producing polycythaemia both in normal and anaemic animals. Orten, Underhill, Mugrage and Lewis (1932) , Orten (1936) and Stanley, Hopps and Hellbaum (1946) , studied its effect on rats, Frost, Elvehjem and Hart (1941) on dogs, and Davis, McCullough and Rigdon (1945) on ducks. Cartwright (1947) gave a comprehensive review of the experimental work. In treated animals the haemoglobin and red cell counts both showed considerable increases over values for normal controls. Wintrobe et al. (1947) and Gubler, Cartwright and Wintrobe (1950) studied the effect of cobalt on rats made anaemic by the production of turpentine abscesses. They found that animals to which cobalt was given in addition to turpentine not only failed to develop anaemia but actually became polycythaemic. In rats already made anaemic the administration of cobalt rectified the anaemia. Rats treated with turpentine had low plasma iron levels and raised erythrocyte protoporphyrins, results also found in patients with anaemia associated with sepsis. The blood iron level of rats treated with turpentine and of those receiving turpentine and cobalt showed highly significant differences, and it is concluded that cobalt favourably influences the utilization of iron for haemoglobin synthesis. All the rats in Gubler's experiments were receiving iron 86 at the time, and increased absorption of iron was not demonstrated after cobalt treatment, thus suggesting that cobalt favours increased utilization of available iron. This view is supported by the work of Kato and lob (1940) on the influence of cobalt on iron storage. These authors found that animals receiving large doses of iron over long periods stored iron in the spleen and to a lesser extent in the bone marrow. When cobalt was given together with iron, no iron was found in these organs, but the total iron content of the blood was raised 24-58% above control values. This bears out the suggestion that cobalt enables iron to be more completely utilized for haemopoiesis than when iron is given alone. In animals there is a slight reticulocytosis maximal about the fourth day with a secondary rise reaching a peak on the twentieth to twenty-fourth day (Orten, 1936) . These responses were observed both in young and in adult animals.
In ducks the bone marrow shows a hyperplasia of the erythroid elements up to the fourteenth day, but by the nineteenth day there is evidence of hypoplasia of the erythroid series (Davis et al., 1945) . It is possible that the initial rise in peripheral blood levels is due to erythropoietic stimulation of the marrow but that the maintenance of polycythaemia may in part be due to a depressed rate of blood destruction. Kato and lob also studied the marrow during cobalt treatment and found that at the height of polycythaemia there was a distinct hyperplasia of all marrow elements but especially of the erythroid series. They did not note any evidence of toxicity to the marrow.
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Experience of the effect of cobalt on weight and appetite seems to vary. Wintrobe et al. (1947) found that cobalt impaired weight gain more than turpentine injections in a series of rats, though both failed to gain as well as control animals. They thought that failure might be associated with anorexia. Orten et al. (1932) also found that rats on cobalt gained less than the controls. In ducks, however, there was no difference between treated cases and controls (Davis et al. 1945 ). Orten and Bucciero (1948) found that treated animals ate more per 100 g. body weight than control animals. Milk contains extremely small amounts of cobalt (Frost et al., 1941) ; therefore if a true cobalt deficiency exists in man, young infants would be liable to such a deficiency. Frost and his co-workers found that about half the dogs investigated, which were fed on an exclusive milk-iron-copper diet, showed evidence of cobalt deficiency in that the blood responded to doses as small as 0-1 mg. daily. It (1937) reported a series of infants with haemoglobin levels below 11 g. They received iron and ammonium citrate, 0 5 g. daily, and 25-50 mg. cobalt sulphate was given to 37 infants who failed to respond to iron. Eighteen received cobalt and iron from the start. Seventy-six per cent. of those treated showed satisfactory responses, the haemoglobin, red cells and haematocrit increased in parallel, and the majority of cases made the best progress within two weeks of starting treatment. The average weekly rise in red cells was 250,000, in haemoglobin 0 6-0 9 g. %, and in haematocrit readings 1-1 5 %. There were no toxic effects, Caussade, Franck and PetitdantMonniot (1947) used cobaltous chloride, 10 mg. daily, on five infants, and 20 mg. daily on eight children aged from 2 to 7 years. They obtained satisfactory results in all but two infants in whom treatment was interrupted because of infection. The general condition improved and the infants had increased vigour following treatment.
The effect of cobalt on the anaemia of infection has been studied by Robinson, James and Kark (1949) who treated nine patients with chronic osteomyelitis or soft tissue suppuration. They used ARCHIVES OF DISEASE IN CHILDHOOD cobaltous chloride in doses of 20-60 mg. daily for two to 11 weeks. Reticulocyte responses occurred as early as the fourth day and were maintained throughout treatment. In all cases a return to normal blood values was obtained. Two patients had slight anorexia. Cobalt has also produced haematological responses in subjects without anaemia (Berk, Burchenal and Castle, 1949) . Eight patients received 100 mg. cobaltous chloride daily and reticulocyte responses occurred in six cases. Dosage was then increased to 200 mg. daily and the two remaining patients developed a reticulocytosis. The others reached a higher peak than they had attained on the smaller dose. All cases showed moderate increases in haemoglobin, red cells, and haematocrit readings. Two patients received 300 mg. daily with higher responses than the first eight, and one case required venesection after treatment. Increasing doses, up to 400 mg. thrice daily, produced anorexia in one case after six weeks, and severe nausea and vomiting after two weeks in the second case. Six cases of pernicious anaemia in remission developed symptoms and treatment had to be stopped. Of 32 anaemic patients reported in the same paper, five with chronic sepsis showed a good response. One of two patients with carcinoma of the stomach, and a case of Cooley's anaemia, also responded. Three of 10 patients with lymphoma gave a doubtful response; there was no effect on anaemia associated with cirrhosis of the liver or chronic renal disease. Apart from mild alimentary symptoms, two patients developed precordial pain with evidence of myocardial infarction. All symptoms were relieved after cobalt was stopped. Because of its similarity to the anaemia of sepsis in which cobalt had proved of some value, Shen and Homburger (1951) treated 16 patients with anaemia associated with advanced cancer with cobaltous chloride, 60-240 mg. daily. Nine patients had a reticulocyte response and three showed elevation of the blood count to normal levels. Two failed to respond at all, two died before any rise could be expected although they had a reticulocytosis, and two were unable to tolerate the drug. The authors noted a high incidence of toxic reactions including nausea, vomiting, anorexia, muscle pains and angina. Even in patients with a satisfactory haematological response, the clinical condition remained unsatisfactory and patients continued to complain of depression and apathy in spite of normal blood levels. The only series where bone marrow studies have been used to confirm the peripheral blood findings is that of Virdis (1952) Table 1 . The infants receiving cobalt showed a less pronounced fall in both haemoglobin and red cells, but the differences are not marked. The effect of the early administration of cobalt on the later counts, i.e., from one month onwards, will be discussed later, but it appears that cobalt has little effect in modifying the fall during the first two weeks.
The results of counts from birth to 1 year have been expressed in two ways. All cases have been grouped according to the treatment they received and in addition divided into those of birth weight 41-5k lb. and those of birth weight under 4i lb.
These results are shown in Tables 2 and 3. Tables 4  and 5 show the same cases rearranged according to the gestation period. Cases of eight to nine months' gestation are shown in Table 4 , and cases of six to eight months' gestation in Table 5 . It was felt that this would give a more accurate picture of the results as the smallest infants in our series were not always the most premature by dates or in behaviour. Once an infant required additional therapy its data were removed from these tables and findings in such cases are expressed separately. For statistical purposes all cases were analysed together irrespective of birth weight to enable larger numbers to be used for comparison, and the statistical analysis only extends over the first six months of life. These analyses are shown in Tables 6 and 7. The study of the last six tables shows surprisingly little difference in the values for controls between the two birth weight groups. When the cases are arranged according to gestation period, however, there is a marked tendency for those of six to eight months' gestation to develop low haemoglobin values after the age of 4 months, compared with the infants of 8 to 9 months' although the red cell counts remain comparable in both groups. In the treated cases the figures for both birth weight groups and both gestation groups are extremely close and initial weight appears to play little part in the response to treatment. The statistical analysis shows that infants receiving cobalt from one to 12 days (Group II) had slightly higher average haemoglobin and red cell counts than the controls (Group 1). The difference Details of these cases are shown in Table 10 .
The youngest infant requiring iron was 4 months, and eight of the 14 cases required treatment at 6 months. This appeared to be the most common time for an iron deficiency anaemia to become manifest in our series. Two of the three Group III cases requiring iron were twins, and six of the total 14 cases requiring iron were twins. No case receiving iron and cobalt from 4 to 8 weeks required additional iron therapy. The numbers in the various groups were approximately the same and we feel it is of some significance that all infants requiring additional cobalt were controls and that 57 % of the cases requiring additional iron were also controls. The role of cobalt in favouring iron utilization has been mentioned before and will be reviewed in relation to these results in the discussion.
It has been shown (Mackay, 1931) that artificially fed infants are more prone to anaemia than those receiving breast milk, and that if anaemia develops it is more severe in the artificially fed. The incidence of breast feeding in our series is shown in Table 10 . Any infant breast fed for five months or longer without regular complements was considered as fully breast fed. Partial breast feeding included cases fed for any period over one month and infants who received breast milk together with more than occasional complements. Any infant on the breast for less than one month was classified as 'never breast fed'. Consideration of Table 10 makes it clear that the higher blood levels obtained in the treated cases was in no way due to breast feeding as the incidence of breast feeding was considerably higher in the control group than in any other. The cases for each group were selected at birth before feeding had begun at all, and we cannot explain this difference in feeding methods which appears to be entirely fortuitous.
In view of the conflicting evidence about the effect of cobalt on appetite and weight gain in both animals and man, the weights of all infants were recorded at each attendance. The average weight gain in ounces over birth weight at 2, 4 and 6 months of age are shown in Table 10 , together with the average birth weight of each group. The birth weights in the four groups were comparable and the differences in weight gain are not significant. At 2 months all infants had finished cobalt treatment and this therefore seemed a suitable time to start comparisons.
There was no evidence of toxicity in any case under treatment; appetite and vigour were good and the preparation was readily taken in water or milk. There is nothing to suggest that cobalt in any way impairs the general progress or rate of weight gain in premature infants in the dosage employed.
In the cases which developed anaemia symptoms were confined to pallor except in the baby already an iron deficiency anaemia were presumably lacking in endogenous iron or had a poor absorption. Two of the three cases requiring iron in this group were twins and this may account for their low iron content. We agree with Waltner (1930) and Virdis (1952) that iron should be given together with cobalt to obtain the most satisfactory results. Although no group of cases received cobalt after the end of the second month, it appears from our results that this substance may be stored in the body and utilized when needed. All three infants who received cobalt from 4 to 8 weeks but subsequently developed an iron deficiency anaemia had adequate red cell counts, and this suggests that direct stimulation of the erythroid tissue of the marrow is also a factor in the haemopoietic action of cobalt. The effect of cobalt on the marrow requires further elucidation and this aspect of its action is now being investigated.
Animal studies with radioactive cobalt have shown that young animals absorb more than adult animals and that they have higher blood levels after oral administration (Comar and Davis, 1947) . The liver appears to be the principal storage organ, though in animals relatively little is retained, about 5 % of an intravenous dose after 10 days in cattle (Comar, Davis and Taylor, 1946) . It is not known whether these results are applicable to man, but in any case it is probable that only extremely small amounts are necessary to produce a haemopoietic effect. The detectable dose of cobalt which will produce polycythaemia in rats is 0 15 mg. daily, and 2 mg. per kg. body weight is capable of causing polycythaemia in dogs (Frost et al., 1941) . Our dosage in this series has been arbitrary and based on the existing reports of the therapeutic use of cobalt in man together with the doses used to produce polycythaemia in animals. It is possible that more prolonged treatment would 96 ARCHIVES OF DISEASE IN CHILDHOOD be of greater benefit and we feel that more work is needed before the role of cobalt in the prevention of the anaemia of prematurity can be fully defined.
Summary and Conclusions
The experimental literature of cobalt as a haemopoietic agent is briefly summarized, and a more detailed review is given of its use in the treatment of anaemia in man.
One hundred and twenty-six premature infants were divided into four groups. Eighty-three were followed up six months or longer. Group I acted as controls. Group II received cobalt sulphate, 10 mg. daily, from one to 12 days. Group III received cobalt sulphate, 20 mg. daily, from four to eight weeks. Group IV received cobalt sulphate, 20 mg., and ferrous sulphate, gr. 4j daily, from four to eight weeks.
Cobalt appears to be of value in the prevention of the early anaemia of premature infants, and if iron is administered simultaneously the risk of an iron deficiency anaemia developing from the fourth month onwards is considerably reduced. Cobalt has no toxic effects and no unfavourable influence on the weight gain in the dosage employed. The mode of action is uncertain but two possibilities seem likely: (1) a direct action on the erythropoietic tissue in the marrow; (2) a possible catalytic action enabling available iron to be more readily utilized for haemoblobin synthesis.
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